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@ Process for fabrteating an integrated circuit 



(57) A process for fabricating devices is disclosed. 
Numerous devices (20) are formed on a sub- 
strate (10). The substrate is then placed on an 
adhesive tape (55) mounted on a dicing ring. 
The devices are then separated into individual 
chips by dicing the substrate. Prior to dicing, 
the substrate is coated with a material that is 
relatively insoluble in water. After the substrate 
is diced, the coating is removed by rinsing the 
substrate with an organic solvent in which the 
material is substantially soluble. The organic 
solvent dissolves the coating but does not dis- 
solve the adhesive on the tape or otherwise 
adversely effect the adhesion between the tape 
and the substrate. 
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ed from dicing debris by a coat of photosensitive ma- 
terial that is applied on the wafer prior to dicing. The 
photosensitive material is described as silicon resin. 
The photosensitive material is exposed to radiation 

5 prior to dicing. The exposed portion of the photosen- 
sitive material overlies an electrode on the device. Af- 
ter dicing, the exposed portion of the photosensitive 
material is removed to provide access to the elec- 
trode. The unexposed portion of the photosensitive 

10 material is not removed. Consequently, any dicing de- 
bris that becomes embedded in the unexposed por- 
tion of the photosensitive material during the dicing 
process is likewise not removed. 

15 Summary of the Invention 



Technical Fi Id 

The invention is directed to a process for device 
fabrication in which multiple integrated circuits are 
fabricated on a single substrate and then separated 
into individual chips by dicing. 

Art Background 

In device fabrication, numerous individual inte- 
grated circuits, also referred to as chips, are fabricat- 
ed on a single substrate or wafer. It is also known to 
form a plurality of multichip modules (MCM's) on a 
single substrate or wafer. These integrated circuits or 
MCM's are then separated for individual use. The 
chips or MCM's are separated by techniques such as 
dicing, wherein an extremely precise saw is used to 
separate the individual devices from each other. A dic- 
ing saw is one example of an apparatus that is used 
for dicing substrates into individual chips. One skilled 
in the art will recognize that other apparatus that are 
not specifically enumerated herein are also used for 
this purpose. 

Debris is generated during dicing, and the debris 
is deposited on the diced devices. This debris will ad- 
versely affect device performance if it is deposited on 
certain areas of the device and not removed there- 
from. Dicing debris are particularly problematic for 
devices which are, when in use, spaced from a sub- 
strate. An example of such a device is a "flip chip" 
multichip module, which is illustrated in FIG. 1. The 
device 20 is affixed to the substrate 10 by, for exam- 
ple, solder bumps 23. Since the bumps 23 have a 
smaller surface area than the device 20, there is a 
space 25 between the device 20 and the substrate 
10. The space 25 t>etween the silicon chip integrated 
circuit 20 and the silicon substrate 10 in such a device 
is typically several mils. If debris becomes lodged in 
the space 25 during dicing, it can become dislodged 
during subsequent processing and find its way onto 
or into a device surface. Once debris is lodged in this 
space, however, it is difficult to remove using conven- 
tional means such as rinsing. 

A dicing process in which the device is protected 
by a polyimide film is disclosed in Japanese Patent 
Application No. 02-1248 to Kazuyasu Yoneyama. The 
polyimide coating is applied over the dicing grooves 
prior to dicing, and removed thereafter. Although the 
polyimide film prevents the substrate from cracking 
during the dicing process, the polyimide is difficult to 
remove. The polyimide film prevents cracks from 
forming in the substrate near the cut. but, because the 
polyimide film is deposited over the dicing groove 
only and is not deposited over the entire surface, it 
does not prevent dicing debris from accumulating on 
the uncoated surface of the device. 

Japanese Patent Application No. Sho 61 [1986]- 
96585 describes a process in which a wafer is protect- 



The invention relates to a process for device fab- 
rication. Specifically, the process relates to dicing a 
substrate, typically a silicon wafer, having a plurality 

20 of devices such as integrated circuits formed on the 
surface thereof. Integrated circuits and "flip chips" 
that are used in multichip modules are examples of 
such devices. 

A protective coating is applied over the devices 

25 prior to dicing to prevent debris generated by the cut- 
ting action of the dicing apparatus from being depos- 
ited on or embedded in the device. The protective 
coating remains on the substrate during dicing, but is 
easily removed from the substrate after the dicing 

30 process is completed. The protective coating is made 
of a material that accomplishes these objectives. 

The substrate is diced using a typical apparatus 
such as, for example, a diamond scribe, a laser 
scribe, or a diamond saw. Water is typically used to 

35 cool the dicing apparatus during the dicing process. 
The protective coating Is not substantially dissolved 
by the water used to cool the dicing apparatus. It is 
advantageous if no more than 1 0 percent of the coat- 
ing is removed by the water used to cool the dicing ap- 

40 paratus. This does not include that portion of the coat- 
ing that is removed by the cutting action of the dicing 
apparatus. Therefore, the protective coating is made 
of a material that is substantially insoluble in water, 
i.e., no more than 10 percent of the coating is re- 

45 moved by the water used to cool the dicing apparatus. 
The coating is also easily removed from the sub- 
strate after the substrate is diced. However, since the 
substrate is typically fixed to an adhesive material, 
i.e., a dicing tape, during the dicing process to keep 

50 the diced substrate in place, it is advantageous if the 
protective coating is removed from the substrate un- 
der conditions that do not adversely affect the adhe- 
sion of the substrate to the adhesive material. It is 
also advantageous if the coating is removed under 

55 conditions that do not cause the adhesive material to 
deteriorate physically. Typically, tape adhesives are 
not dissolved by the more polar organic solvents such 
as the lower alkyi alcohols. It is advantageous if a low- 
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er alkyl alcohol such as methanol, ethanol, and prop- 
anol is used to rinse the protective coating from the 
substrate. Therefore, it is advantageous if the protec- 
tive coating is made of a material that is substantially 
soluble in such polar organic solvents, i.e., the protec- 
tive coating is dissolved by these solvents. 

Dicing streets are placed on the substrate sur- 
face to guide the dicing apparatus. Since the protec- 
tive coating is applied over these dicing streets, the 
protective coating must be sufficiently transparent so 
that the dicing streets remain visible. Therefore, the 
protective coating is made of a material that forms an 
at least semi-transparent coating on the substrate 
surface. 

Protective coatings with the above-identified 
properties are made of a material with an organic moi- 
ety and a polar group. Examples of suitable organic 
moieties Include aliphatic moieties and aromatic moi- 
eties. Examples of suitable polar functional groups in- 
clude hydroxyl groups, carbonyl groups, and carboxyl 
groups. Examples of materials In which the polar 
functional group is a carbonyl group include alde- 
hydes, ketones, esters, and anhydrides of carboxylic 
acids. 

Rosin-containing materials are one example of 
these materials. Rosin-containing materials are mate- 
rials that contain rosins orderivatized rosins. Specific 

xamples of suitable rosins include rosin gum, abietic 
acid, hydrogenized rosin and dimerized rosin. Other 

xamples of such materials include benzoic anhydr- 
ide, 2,2*-biphenol and 2-hexadecanone. A coating of 
these materials is formed on the substrate by known 
techniques such as spin-coating, brushing or a hot- 
melt technique. For certain of these techniques, e.g., 
spin-coating, it is advantageous if the coating mate- 
rial is dissolved in a solvent to facilitate the application 
of the coating onto the substrate. 

Brief Description of the Drawings 

FIG. 1 Is a side view of a flip-chip multichip mod- 
ule. 

FIG. 2 is a side view of a flip-chip multichip mod- 
ule with a protective coating thereover; and 
FIG. 3 is a top view of a wafer with individual chips 
formed thereon on a dicing tape. 

Detailed Description 

A process for dicing substrates Is disclosed. In 
the process, a protective coating is deposited over a 
substrate. The substrate typically has a plurality of 
devices formed thereon. The coating is dried on the 
substrate, and the substrate is then diced to separate 
the devices formed on the substrate. The protective 
coating Is made of a material that is substantially in- 
soluble in water, substantially soluble in polar organic 
solvents, and that forms a substantially transparent 



coating on the substrate. 

As depicted in FIG. 2, a protective-coating 65 Is 
applied over the substrate 10. The substrate 10 typ- 
ically has a plurality of devices 20 formed thereon. Al- 

5 though two devices 20 are depicted in FIG. 2, two or 
more devices are typically formed on the substrates 
that are diced by the process of the present Invention. 
Although a flip chip module is depicted as the device 
in FIG. 2, it is contemplated that the process will be 

10 used to protect ail types of semiconductor devices 
during the dicing process. Consequently, the sub- 
strate 10, typically has integrated circuit chips or 
other discrete devices either attached to Its surface 
(as depicted in FIG. 2) or formed directly on its sur- 

15 face. 

Prior to dicing, the coated substrate 10 with indi- 
vidual devices 20 formed thereon, is placed on an ad- 
hesive dicing tape 55. If the protective coating be- 
comes sticky or otherwise begins to melt at a temper- 

20 ature which is below the temperature to which the 
substrate is heated when fixed to the adhesive dicing 
tape. I.e., a temperature of about SO^'C to about 70''C, 
then the substrate is fixed to the dicing tape before 
the protective coating is applied thereon. The adhe- 

25 sive tape 55 retains the substrate 10 in position during 
the dicing process. Such tape 55 is commercially 
available and is known to those skilled in the art of dic- 
ing substrates. The substrate 1 0 is placed on the side 
of the tape 55 with adhesive thereon. The coating Is 

30 at least semi-transparent, so that the dicing lines 70 
(FIG. 3) on the substrate 10 are visible during the dic- 
ing process. 

After the coated substrate is mounted on the tape 
it is placed In a dicing apparatus. How the substrate 
35 is placed in the dicing apparatus and the type of dic- 
ing apparatus that is used is a matter of design choice 
which Is readily made by one skilled in the art. Dicing 
apparatus frequently utilize water to cool the sub- 
strate while it is being diced. The protective coating. 
40 however, is relatively insoluble in water, i.e.. It is not 
substantially dissolved by water. In this regard it Is ad- 
vantageous if water removes no more than 1 0 volume 
percent of the rosin-containing material not otherwise 
removed from the substrate by the action of the dicing 
45 saw. Therefore, the coating remains on the substrate 
during the dicing process. 

As the substrate Is diced, the protective coating 
prevents dicing debris from being deposited on the 
substrate surface. If the device on the substrate be- 
so ing coated is a multichip module, the coating also pre- 
vents dicing debris from becoming embedded In the 
space 25 between the substrate 10 and the flipped 
silicon chip 20. The dicing debris can damage the de- 
vices on the substrate, or otherwise adversely affect 
55 their performance. Debris that is embedded in the 
protective coating is removed from the substrate 
when the protective coating itself is removed from the 
substrate after dicing. 
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Many organic solvents wiii dissolve the protective 
coating. However, only certain solvents will dissolve 
the protective coating but will not adversely affect the 
adhesion between the substrate and the support ma- 
terial or otherwise structurally degrade the tape to a 
significant degree. Generally the lower alkyi alcohols, 
wherein the alkyI group contains about 4 or less car- 
bon atoms, dissolve the protective coating but do not 
adversely affect either the tape or the substrate-tape 
adhesion to a significant degree. Methanol, ethanol, 
propanol, and isopropanol are exannples of suitable 
solvents. By using a solvent that does not adversely 
affect adhesion, the diced substrate remains on the 
support material until the Individual, diced devices are 
utilized. 

Protective coatings with the above-identified 
properties are made of a material with an organic moi- 
ety and a polar group. Examples of suitable organic 
moieties include aliphatic moieties and aromatic moi- 
eties. Examples of suitable polar functional groups in- 
clude hydroxyl groups, carbonyl groups, and carboxyl 
groups. Generally materials that contain polar carbo- 
nyl functional groups include aldehydes, ketones, es- 
ters, and anhydrides of carboxylic acids. 

Rosin-containing materials are one example of a 
suitable protective coating material. Rosins are typi- 
cally a mixture of several different compounds, one of 
which is typically a resin acid. These materials are de- 
scribed in many references, including The Con- 
densed Chemical Dictionary , p. 900 (Gessner G. 
Hawley, ed.,10th ed. 1981) and Kirk-Othmer Encyclo- 
pedia of Chemical Technology , 22:531-533 (3rd ed. 
1 980) which are incorporated by reference herein. Ex- 
amples of resin acids include abietic acid and pimaric 
acid. Derivatlzed rosins are rosins that contain resin 
acid derivatives such as dimerized resin acids or hy- 
drogenated resin acids. 

It is contemplated that rosin-containing materials 
suited for use in the process of the present invention 
also contain other carboxylic acids. All of the rosin- 
containing materials suited for use in the process of 
the present invention have the general properties of 
being substantially insoluble in water and substantial- 
ly soluble in organic solvents. These materials are 
also capable of being formed Into a coating on a sub- 
strate. The rosin-containing materials are at least 
semi-transparent when a coating of these materials Is 
formed on the substrate. Suitable rosin-containing 
materials are available commercially. An example of 
a suitable material Is Rosin Gum, which is obtained 
from the Aldrich Co. in Milwaukee, Wisconsin. 

Examples of other materials suitable for use as 
the protective coating in the process of the present in- 
vention are benzoic anhydride and 2-hexadecanone. 
Since the melting point of these materials is less than 
about eC'C. the temperature to which the substrate is 
heated when affixed to the dicing tape, these materi- 
als are coated on the substrate after the substrate is 



affixed to the dicing tape. Although 2,2' biphenol, 
which is another suitable protective coating material, 
has a melting temperature above about BO^'C, it is 
also advantageous to coat this material onto the sub- 

5 strate after the substrate has been fixed to the dicing 
tape. This is because the 2,2' biphenol demonstrates 
stickiness at the temperature at which the wafer Is 
fixed to the substrate. Since the melting temperature 
of rosin-containing materials is typically well above 

10 about ZO'^C, rosin-containing materials are coated on 
the substrate before the substrate Is affixed to the 
dicing tape. 

The protective coating is applied onto the sub- 
strate In a number of different ways such as spin coat- 

15 Ing, spraying, brushing and hot melting of the solid 
material on the substrate surface. All of these coating 
methods are conventional. Since the coating materi- 
als are typically solid at room temperature, it is con- 
templated that a solvent is mixed with the coating ma- 

20 terial to aid in applying the material to the substrate. 
The amount of solvent that is added depends upon 
the desired coating consistency and the manner in 
which the coating is applied to the substrate. This sol- 
vent is driven off after application to harden the coat- 

25 ing material. The solvent Is driven off by conventional 
means. 

For example, to spin coat the substrate with the 
coating material, the coating is mixed with a spinning 
solvent. The spinning solvent will substantially dls- 

30 solve the coating material but will evaporate after the 
coating is applied onto the substrate. The solution of 
the coating material dissolved in a solvent is referred 
to as a spin-coatable material. Alcohols such as me- 
thanol, ethanol, isopropanol, and the like and ketones 

35 such as acetone and methyl ethyl ketone are contem- 
plated as suitable solvents. Other suitable solvents 
will be apparent to those skilled in the art. 

One skilled in the art will determine the amount 
of solvent needed to provide a spin-coatable material 

40 with the desired consistency. If the coating material is 
applied by certain techniques such as brushing, it is 
also contemplated that the coating will be combined 
with a solvent to make the coating easier to apply to 
the substrate. If a technique such as spraying is used, 

45 a coating material with a nnore liquid consistency than 
spin-coatable materials is desired. 

The thickness of the coating will vary depending 
upon the characteristics of the substrate and the de- 
vices formed thereon. Since the object of the process 

50 Is to protect the devices from dicing debris, it is advan- 
tageous if the thickness of the coating is sufficient to 
substantially cover the devices on the substrate. It is 
also contemplated that additives such as polypropy- 
lene glycol or other polyalkylene glycols or surfac- 

55 tants will be incorporated into the coating material. 
These additives soften the coating making it more re- 
silient and easier to remove. The amount of such an 
additive that is mixed with the coating materials is 
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readily apparent to one skilled in the art. 

If the protective coating is applied onto the sul>- 
strate using techniques such as brushing or hot melt- 
ing, it is not necessary to combine the coating mate- 
rial with a solvent. For example, if a rosin-containing 5 
material is applied onto the substrate and then heated 
to a temperature of at least about 120°C, the rosin- 
containing material will melt over the substrate to 
form a coating thereover. It is advantageous if the ro- 
sin-containing material is heated to about 150**C to io 
about 160"" to accomplish this result. 

It is contemplated that a variety of formulations 
will be used in the process described herein. One skil- 
led in the art will appreciate that a variety of rosin-con- 
taining materials, and not just the rosin-containing is 
materials specifically described herein, will work 
equally effectively in the present process. 

Example 1: Dicing a Wafer With a Rosin- 
Containing Protective Coating 20 

A solution that was 40 weight percent rosin in al- 
cohol was prepared by heating a mixture of rosin gum 
(40 g) and isopropanol (60 g). The solution was mixed 
until the rosin was dissolved in the solution. The sol- 25 
ution was then cooled to room temperature. A portion 
of the solution (10 g) was then applied as a coating 
on a silicon wafer that had 1 00 multi-chip modules as- 
s mbied thereon. The rosin was Rosin Gum that was 
obtained from the Aldrich Co. The multi-chip nrK>dules dp 
20 are illustrated in FIG. 1. The wafer was placed in 
a spin-coating apparatus and rotated at a speed of 
100 rpm for 30 seconds to disperse the coating over 
the wafer surface and remove the excess material. 

The coated wafer was then heated to a tempera- 35 
ture of about 1 0O^C on a hot plate and retained at that 
temperature for about 3 or 4 minutes. The wafer was 
then removed from the hotplate, allowed to cool to 
room temperature and then mounted on a dicing ring 
with the rosin-coated surface of the wafer facing up. 40 
The dicing ring was equipped with a pressure sensi- 
tive adhesive tape which held the wafer in place dur- 
ing the dicing process. The pressure sensitive tape 
was Nitto tape that was obtained fmm the Semicon- 
ductor Equipment Corporation. 45 

The dicing ring was then placed in a dicing appa- 
ratus, a Disco Saw obtained from the Disco Corp., 
and the wafer was diced in a typical manner. After the 
wafer was diced, the dicing ring with the wafer mount- 
ed thereon was immersed in a bath of isopropanol for so 
about 30 seconds. The bath was agitated by the dic- 
ing ring to accelerate the removal of particles depos- 
ited on the wafer surface during the dicing process 
and to dissolve the protective coating on the wafer 
surface. The dicing ring with the wafer mounted there- 55 
on was then immersed in a methanol bath for about 
30 seconds. Agitation was again used, this time to fa- 
cilitate removal of any portion of the coating that re- 



mained on the substrate. After the dicing ring was re- 
moved from the bath, the surface of the wafer was 
rinsed with debnized water. The wafer surface was 
dried by blowing nitrogen on the surface of the wafer. 
The diced wafer remained mounted on the Nitto tape 
during the process because the process did not de- 
grade the Nitto tape. 

Example 2: Dicing a Wafer with a Protective 
Coating of Benzoic Anhydride Thereon 

A silicon wafer was mounted onto a dicing ring by 
a pressure sensitive tape. A solution of benzoic an- 
hydride in isopropanol (3 g of a 10 wt.% solution) was 
poured on the surface of the silicon wafer. The mount- 
ed wafer was then tilted around to allow even spread- 
ing of the solution. The mounted wafer was then 
placed In an oven at 45''C for 1 0 minutes to evaporate 
the isopropanol. The resulting coating was sufficient- 
ly clear to allow visual recognition of features on the 
surface of the silicon wafer. The wafer was then diced 
using the dicing saw that was described In Example 
1 . After dicing the mounted diced wafer was placed in 
a pure methanol bath for one minute and removed. 
The wet coating remaining was rubbed gently with a 
methanol wetted cotton swab and the diced wafer 
was again placed in the methanol bath to remove the 
remaining portion of the coating. The mounted diced 
wafer was taken out of the bath, rinsed with deionized 
water and dried by blowing nitrogen on the surfece of 
silicon. 

Example 3: Dicing a Wafer with a Protective 
Coating of 2,2'-Biphenoi 

A solutbn of 2,2'-biphenol was prepared (10 
wt.%) in isopropanol. The 2,2' biphenol was obtained 
from the Aldrich Chemical Co. The solution was ap- 
plied on a wafer and the wafer was diced according 
to the process described in Example 2. 

Example 4: Dicing a Wafer With a Protective 
Coating of Benzoic Anhydride Thereon 

A solution of 2-hexadecanone (10 wt.%) in iso- 
propanol was prepared. The 2-hexadecanone was 
obtained from the Aldrich Chemical Co. The solution 
was applied onto a wafer and the wafer was diced ac- 
cording to the process described in Example 2. 



Claims 

1. A process for dicing a substrate comprising: 

forming an at least semi-transparent coat- 
ing on a substrate with a material that is substan- 
tially insoluble in water and substantially soluble 
in alcohol, wherein the material comprises a cowr 
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pound with an organic moiety selected from the 
group consisting of aliphatic moieties and aro- 
matic moieties and a polar functional group se- 
lected from the group consisting of hydroxyl, car- 
bonyl, and carboxyl groups; 

dicing the substrate; and 

rinsing the coated substrate with an organ- 
ic solvent to remove the coating from the sut>- 
strate. 

2. A process for fabricating an integrated circuit 
comprising: 

forming a plurality of devices on a sub- 
strate; 

coating the substrate with a material that 
is substantially soluble in alcohol and substantial- 
ly insoluble in water to form an at least semi- 
transparent coating on the substrate; 

dicing the substrate; and 

contacting the coating material with an or- 
ganic solvent to remove the material from the 
substrate. 

3. The process of claim 1 or 2 wherein the com- 
pound or material is a rosin-containing material, 
or benzoic anhydride, or 2-hexadecanone or 2,2'- 
biphenol. 

4. The process of claim 3, wherein the rosin-con- 
taining material comprises an organic acid select- 
ed from the group consisting of resin acids and 
derivatized resin acids. 

5. The process of claim 1 wherein the substrate has 
a plurality of devices formed thereon and dicing 
streets formed between the devices. 

6. The process of claim 1 wherein the organic sol- 
vent is a lower alkyi alcohol selected from the 
group consisting of methanol, ethanol, propanol 
and isopropanol. 

7. The process of daim 3 wherein the rosin-contain- 
ing material is dissolved in a spinning solvent pri- 
or to forming the coating on the substrate and the 
coating is formed on the substrate by spin- 
coating. 

8. The process of daim 2 wherein the rosin-contain- 
ing material is removed from the substrate by 
rinsing the rosin-containing material with a lower 
alkyI alcohol. 

9. The process of claim 2 further comprising form- 
ing dicing streets between the devices on the 
substrate and dicing the substrate along the dic- 
ing streets, wherein the dicing straits are visible 
through the semi-transparent material. 



10. The process of daim 3 further comprising conv 
bining the material with a spinning solvent prior to 
coating the substrate. 

5 11. The process of daim 10 wherein the coatring ma- 
terial is either about 1 0 to about 80 weight percent 
rosin-containing material, or about 20 to about 60 
weight percent rosin-containing material, or 
about 30 to about 50 weight percent rosin-con- 
to talning material. 

12. The process of daim 10, wherein the coating ma- 
terial further comprises an additive to soften the 
coating. 

15 

13. The process of daim 12 wherein the additive is a 
polyalkylene glycol. 

14. The process of daim 2 wherein the substrate is 
20 coated with the rosin-contatning material by plac- 
ing the rosln-containing material on the substrate 
and heating the rosin-containIng material to a 
temperature sufficient to form a coating of melted 
rosin-containIng material over the substrate sur- 

25 face. 

15. The process of daim 14, wherein the rosin-con- 
tainlng material is heated to at least about 120''C. 

30 1 6. The process of daim 2 wherein the rosin-contain- 
ing material comprises an organic acid selected 
from the group consisting of resin acids and de- 
rivitized resin acids. 

35 



40 



45 



50 



55 



6 



EP 0 675 536 A1 



FIG. 1 




10 




EP0 675 536 A1 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



EP 95 30 1883 



DOCUMENTS CONSIDERED TO BE RELEVANT 



CMc»ry 



CkatiM af decumait with iodkalioa, wtMrc appropriate, 
off rtjevant pa 



Kdevwt 



tXASSincAnoN of the 

APPUCATION aat.CL6) 



D.A 



PATENT ABSTRACTS OF JAPAN 
vol. 009 no. 131 (E-319) ,6 June 1985 
& JP-A-60 016442 (HITACHI SEISAKUSHO KK) 
28 January 1985, 

* abstract * 

EP-A-0 186 099 (WACKER CHEMIE GHBH) 2 July 
1986 

* the whole document " 

PATENT ABSTRACTS OF JAPAN 

vol . 008 no. 206 (E-267) ,20 September 

1984 

& JP-A-59 092536 (MATSUSHITA DENKI SANGYO 
KK) 28 May 1984, 

* abstract * 

PATENT ABSTRACTS OF JAPAN 
vol. 009 no. 143 (E-322) ,18 June 1985 
& JP-A-60 024035 (SANYO DENKI KK) 6 
February 1985, 

* abstract * 

PATENT ABSTRACTS OF JAPAN 

vol. 010 no. 274 (P-498) ,18 September 

1986 

& JP-A-61 096585 (FUJITSU LTD) 15 May 
1986. 

* abstract * 



1.2 



H01L21/78 
H01L2 1/304 



1-16 



1,2 



1.2 



TECHNICAL FIELDS 
SEAKCHEO 0BtCU) 



HOIL 



1,2 



The preecm search report has ben dnwn up for all ctaims 



§ 
2 



Place otumtk 



BERLIN 



20 July 1995 



Rousse1» A 



o 

s 



CATEGORY OP OTGD DOCUMENTS 

X : panlcuterly ntavani tf taken thmt 
Y : partiouUriy ralavwiC if « 

tecamenl of the sum catctoiy 
A : tatibaolQgiGal bsckgrouad 
O : Doo-iirittai disdouire 
P : tBtermctfiile documcal 



T : theory or principle uniertytag ttte tovcnttoa 
E : euUer pomt iooiatnc, but pabOsbed on, or 

rft V the filing date 
D : documat dted ia the applieatioa 
L ; docaa«t dted for other reasons 

A : mcnber of Che siae patent fanilyt oorreipeadhig 



8 



